Fluorescent lectin binding patterns constructed using the Dollop parsimony method were analyzed to study the relationship of Gymnodiniales, the genus Prorocentrum, the genus Alexandrium and Bacillariophyceae. In Gymnodiniales, all of the tested Korean strains fluoresced with concanavalin A, PEA and soybean agglutinin; however, the lectins of LBL and pokeweed mitogen did not bind. The strains from Korea, New Zealand and Spain had almost the same topology and divided into three clusters. The cluster position of Korean strains was much closer to the New Zealand strains than to the Spanish strains. Many species of the genus Prorocentrum showed an opposite pattern to the Gymnodiniales. In the genera Alexandrium and Prorocentrum, the Korean strains were relatively closer to the Spanish strains than to the New Zealand strains. On the other hand, most species in the Bacillariophyceae did not show any binding patterns, indicating the lack of sugar moieties on the cell surfaces regardless of geographical separation. The centric diatoms Leptocylindrus danicus and Thalassiosira subtilis showed distant cluster relationships to group A (Thalassiosira rotula, Nitzschia sp., Stephanopyxis turris, Coscinodiscus gigas, Navicula sigma) and group B (Skeletonema costatum, Eucampia zodiacus, Rhizosolenia pungens). These results suggest that lectin binding patterns might be useful in understanding the
Fresh solutions of fluorescein isothiocyanate (FITC)-conjugated lectins (100 µg ml -1 ; Sigma Chemical Co.) were prepared as described previously (Rhodes et al., 1995) . FITC-labeled lectins (Table I) were added to 50 µl aliquots of cells on glass slides for 40 min at room temperature. Glass slides were sealed with a solution of 3-aminopropyltriethoxy-saline (3%). Unbound lectins on the slides were removed by washing with filtered sea water. The treated cells were mounted on siliconized glass slides and examined for binding activities under a Nikon Optiphot with an FITC filter set using blue light (excitation, 450-480 nm; emission, >520 nm). Determination of binding activities is based on Cho et al. (Cho et al., 1998) .
Most of the algorithms for constructing dendrograms were estimated by the Dollop parsimony method inferred from lectin binding patterns with two states (0 and 1) using Web Phylogeny Inference Package version 3.57c (Le Quesne, 1974; Farris, 1977) . The extracted data of lectin binding patterns from Costas and Rodas (Costas and Rodas, 1994) , Rhodes et al. (Rhodes et al., 1995) and Cho et al. (Cho et al., 1997 , 1998 were as follows:
Alexandrium excavatum (Ae1V, Ae2V), Heterosigma akashiwo (HA-2), Chattonella antiqua ( Japanese strain), Chattonella marina ( Japanese strain), Chattonella subsalsa ( Japanese strain) and Fibrocapsa japonica (CAWD02, CAWD03).
The binding responses in Dinophyceae, Raphidophyceae and Bacillariophyceae to nine lectins as fluorescent probes are presented in Table II . In Gymnodiniales, the Korean strains had more positive reactions than the New Zealand and Spanish strains. All the Korean strains fluoresced with concanavalin A (ConA), PEA and soybean agglutinin (SBA), and the lectins LBL and pokeweed mitogen (PWM) gave negative reactions. The same species showed significantly different binding responses depending on their geographical origin. For example, the binding patterns differed between the Korean strains and the New Zealand strains of G. mikimotoi and G. sanguineum. Gymnodinium spp. from New Zealand and Spain were also different in their binding patterns. The best parsimonious tree inferred from lectin binding profile using the Dollop method is shown in Figure 2 . The strains from Korea, New Zealand and Spain showed almost the same topology and divided into three clusters. In G. mikimotoi, the Korean strain was near to the New Zealand strain but distant from the Spanish strain (Figure 2A ). Unlike G. mikimotoi, G. sanguineum from Korea was distant from the New Zealand strain. ConA lectin bound positively to all species of the genus Prorocentrum. Although there is a close relationship between Korean and New Zealand species of Gymnodiniales, many species of the genus Prorocentrum showed that the Korean strain was much closer to the Spanish strain ( Figure 2B ). In particular, a Korean strain of P. minimum was more closely related to the Spanish strain than to other Korean strains. In the genus Alexandrium, A. tamarense (Korean strain), A. margalefi/A. ostenfeldii/A. minutum (New Zealand strain), A. affine and A. excavatum (Spanish strain) fluoresced with peanut agglutinin (PNA) ( Figure 2C ). However, New Zealand strains did not bind to ConA. Also, Korean strains were closer to Spanish strains than There was no difference in binding of Raphidophyceae, which were mostly negative. Several species in the Bacillariophyceae also bound few lectins ( Figure 2D ). However, the position of Thalassiosira rotula, Nitzschia sp., Stephanopyxis turris, Coscinodiscus gigas, Navicula sigma (group A) exhibited similar characteristics to each other. These taxa within groups A and B (Skeletonema costatum, Eucampia zodiacus, Rhizosolenia pungens) were closely related to each other, whereas Leptocylindrus danicus and Thalassiosira subtilis were separate from group A/group B. Our recent study shows that there is no difference in binding between exponential and stationary phase cultures (Cho et al., 2000b) . Data on lectin binding patterns obtained from previous reports (Costas and Rodas, 1994; Rhodes et al., 1995; Cho et al., 1997 Cho et al., , 1998 demonstrate binding activities at exponential stage. Although lectin binding profiles differed between geographically different strains, different growth phases were not associated with sugar composition on the cell surfaces. As seen in Table II , ConA exhibited a great deal of binding within the Gymnodiniales, the genus Prorocentrum and the genus Alexandrium, regardless of their different geographical isolations. Rich glucose and mannose moieties were indicated on the cell surfaces, whereas the residues of galactose, glucosamine and galactosamine were poorly represented or lacking, and presence was not associated with geographical separation. Analyses on the basis of morphological features and lectin binding patterns were different, and the information from a dendrogram tree using the Dollop method provided a possible relationship of microalgae that distinguished 
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species from geographically different sites, e.g. Korea, New Zealand and Spain (Figure 2 ). On the basis of sugar composition on the cell surface, Korean dinoflagellates including A. tamarense were closer to New Zealand than to Spanish strains (Figure 2A and C). As found in a previous study (Cho et al., 1999) , Korean Pseudonitzschia pungens was closer to New Zealand than to Spanish strains. One interesting feature of the genus Prorocentrum in the dendrogram tree was that the Korean P. minimum represented a different lineage when compared with Korean P. micans and P. triestinum. The genus Prorocentrum from Korea was more closely related to Spanish than to New Zealand strains ( Figure 2B ). Meanwhile, the sugar composition and moieties on the cell surfaces of Raphidophyceae differed significantly from Dinophyceae and Bacillariophyceae (Table II) . Cells of Raphidophyceae were relatively delicate, and therefore required careful treatment so that their cell integrity was maintained. In addition, cell shape changed from ovoid to spherical depending on the environmental conditions. (Cho et al., 1998) , on the application of FITC-conjugated lectin probes for the recognition and differentiation of some Korean coastal red tide microalgae. b Species were reported in Rhodes et al. (Rhodes et al., 1995) , on FITC-conjugated lectins as a tool for differentiating between toxic and non-toxic marine dinoflagellates. c Species were reported in Costas and Rodas (Costas and Rodas, 1994) , on the identification of marine dinoflagellates using fluorescent lectins. d Species were reported in Cho et al. (Cho et al., 1997) , on the ecological characteristics and comparison of two strains of Fibrocapsa japonica.
AC K N OW L E D G E M E N T S
R E F E R E N C E S
